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(57) Abstract: An austenitic-fer- 
ritic stainless steel having a low 
Ni content and a high N content is 
provided. A stainless steel which 

contains, in mass %, 0.2 % or 
less of C, 4 % or less of Si, 12 
% or less of Mn, 0.1 % or less of 
P, 0.03 % or less of S, 15 to 35 
% of Cr, 3 % or less of Ni, and 
0.05 to 0.6 % of N, and is mainly 
composed of an austenite phase 
and a ferrite phase, wherein the 
proportion of said austenite phase 
is 10 to 85 volume %. The above 
austenitic-ferritic stainless steel 
exhibits good formability and 
high punch stretch formability, 
and is excellent in the resistance 
to crevice corrosion, to the 
corrosion of a welded zone and 
to intergranular corrosion. The 
above austenitic-ferritic stainless 
steel wherein the austenite phase 
contains C and N in a total amount 
of 0.16 to 2 mass % exhibits 
further improved formability. 

(57) :^%BM\t. i&N i 

iS N — Xi^:^>r h ■ 

W6^tj:%^<D^l^lts C : 
0.2mass%JfilTs Si:4mass%Jfil 
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nlt^j: AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, 
DZ, EC, EE, EG, ES, FT, GB, GD, GE, GH, GM, HR, HU, 
ID, IL, IN, IS, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NI, 
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, 
SK, SL, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, 
VC, VN, YU, ZA, ZM, ZW. 



(84) tisiif«^(D?si^Psy. ±x(Dmm(Djtkm,mn 

A^'pTtg;: ARIPO (BW, GH, GM, KE, LS, MW, MZ, NA, 
SD, SL, SZ, TZ, UG, ZM, ZW), ZL — ^ vT (AM, AZ, 
BY, KG, KZ, MD, RU, TJ, TM), B — H^y/i (AT, BE, 
BG, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, 
IE, IS, IT, LT, LU, MC, NL, PL, PT, RO, SE, SI, SK, TR), 
OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML, 
MR, NE, SN, TD, TG). 
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%JslT. Cr : 15--35mass%, Ni : 3 mass%JsJlT. N : 0.05--0.6mass%^^^-r -STh— hffli:3?x^>r hffl 
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PJ » 

(stainless steel with austenite and ferrite (two-phase) structure) \Z.Wi 

y^T^y^^^Wii. (corrosion resistance) l^l'ffttfclt^^ UT. 

jV^^^y-f (wheel cap);^i^l^}*. ]SV^e59 tt}U^^'l4(punch stretchability) ^ 
llilltrBl^^^tt (crevice corrosion resistance) ^^'|ii-f-6$t5iS|-;a5^J6 btl/TV^ 

ii(austenitic stainless steel), :7 3i7'l' h ^:^-7^ >^ (f erritic 
stainless steel), ir-T^T-^^ > • 7a:^-f bm^^-T^^'t^^^.^tJ^-^/VT^^^ 
•f-xf ^^>^■7^>' V'>?>^(martensitic stainless steel) CO 4o}^l-t9'® §tT/TV^So 
^(Dp-fe. SUS304^SUS301 (J IS (Japanese Industrial 
Standard) ) }3:'f« > >- B^'t^i-ffitLS ^ 

Iff V>;!]PX'|4 (workability) ^^i-S^<Z)<^. ffi#7^=C Ni UTV^-5 fci?), 

tl.(seasoned crack) Srfe;: b^V^r ^ j^^^^^fiJtl. (Stress Corrosion 
Cracking: S C C ^ |ll§--r) i-^-rS^S'l4^Si«V^r. ^ (DfcJ?), >mVc^ ^ <^ 
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^^^^4 mM\^Mri^-h<D(D^ ^tt (ductility) -^§1 tB U 

5^<D*g»Sf^§:n.-CV>^c ^fc. Jtx&bfcJ; (forming limit) 3£ 

■So 

-7:^'74 f^^T" W';:^ii<D^PX't4^^^-r5Sfff:^5«^^tL-CV^;5o 
-^Jitf^. #M^0 8-020843 -^^Sijfft}^}*. Cr ^ 5 ~60wt%-a-^ Ufc:7 ^ 
^ h^^7"VV'^^^ici:i3V^-C, C*3 J;t^N^^*^^^^-r5^f*}-> Ti, Nb^ 
51»m;&P Ufc^ge »9 ^^'14 (deep drawability) iJ^ d -t.^^^^ ^<Z)^at:^ 

^;55||^$tbTV>;5o b;6>L. #li¥0 8-0 2 0 8 4 3 -^^#<7)ffl:^}*. 

2p08-02084 3-^-^$S<Dli^^^i»W*tJ^Ml-fcm'^(-}:i> fP^J-^ 
-r-5^^5tS^#'5COJ-i^-'^^^=Kff^W< ^ce^> ^*{li(weight saving) JC^^I? 
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tT'c^V^'fifi,, tHl^^^^^^^ )^^. W^j^'B (hydraulic forming) 

mm. ?fl*(oii well) fj:t^<Dm\^\'^mik^Mmm(Dmik^umtvxmm^^x 

v>5. bd^u jisizLM^^nx\^^^ sus 329m^^y^ ^ • ^^—^^T-r^ 

w©^m-*l-^&-r^^><^^l-"C> 1-0 7 1 6 4 3^^#}c:. Ni» 

»^ 0. l%m 1 %5|c'«}c:a!lPSUfc_h-e. $ h \Z.:^—^T'r4 b^^'l4Ji^( I MJi 
^ : 551-805 (C4-N)%-8. 52Si%-8. 57Mn%-12. 51Cr%-36. 02Ni%- 

34. 52Cu%-13. 96Mo%) ^ 40-115 ©flH^JI^-rS ^ ^ IcI j; ^ MtJ^t^l'K 

bt?Vol. 7 (2002) p. 848 }3:f'±. ;bOff ESR (Electro-Slag Remelting) MMW:\^^ 

^fc, J. Wang rNIKEL-FREE DUPLEX STAINLESS STEELS, Scripta 
Material ia Vol. 40, No. 1, pp. 123-129, 1999J ^-h, Ni ^^RS^f^^W b^^ceV^, 

vaj^vm^h. ±tmm^i i-o 7 i e 4 3^^jkm\^m^^tif^:^-^'r'^ 
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^^K, 1-0 7 1 6 4 3^<Sir#};i5l^$tl.fc:7ai^^ h • :^^^'f 

fzL±x\ ^ti^-h(Dx:h^<D xm^um^m^Mnx\t ^^:Lt tm^mx^h § o 
xmM b-c*5 V) ^ :t<Df^^mm^^^x^'t(D7&m<Dmi^mi^mm^^\^^xMux 

$ bic. #iS^l 1-0 7 1 6 4 3 ^<i5^fS"t?«. Ni ^i&mir?>^^V\Z.:t—y^ 

"T-r^ h^^Tumt 1.x lii)^ 0.1-^0.3 mm><DmmxmM^ti^o 't<Df^^^ m 

#:>fl^;^M (solution annealing) m®?^^3iS^531V^m^(c:{:± N ni^^^bi^i: 
VX^m\^. |Itt^tt:S5^'^b-f-S ^V>5> V^t^V^Si^^'fb (sensibility, ^#<^^ 

o fco 

^fc. mnmmf)^i.5jm^m(Dm\^^^^xh. ^mj:Mx:h^mi&um^^ 
x<:>xm&^fi^^K ^(D^-h. mmumm, mmmm.m i.s^ijm) ^(o^if^m 
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So 

(2002) p.848 ^i^^$tLTV^6^®^*. m^^^MWL^^t\.X^X-h..MBm 

"^fc, J. Wang h TNIKEL-FREE DUPLEX STAINLESS STEELS, Scripta 
Materialia VoL40,No.l, pp. 123-129, 1999J ^cM^$tbTV^-5#^^el:^3V^•r 
mmW.(Dfimz., Mnfi:10mass%, N * 0. 35, 0. 45inass%<D#»<© Mn *3 J:tJ? N 
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^'iilc::^^ <^^^UT:i3«9 . :^'7^-^'^' b^^'<^C, N, Si, Mn, Cr, 

Ni, Cu, Uo<D^mM\Z.^oXM^^tl^:^-^y^'^^ h^(D^^'^^^Mimm 

m If^'^' Si 0. 4mass%i2AT-ef«&#^t^'l4^5rRl-h-rS - ^ * 

So 

1. :7ai9-f h^i^^t— h^g^'t-t^'^Bia»=^e3^cC«9. ±.iB;^-;^7^-^ 

^ |.;|:gi:fi(Z)C^N<Z)'a'fi-*:050. 16~2mass%-efe>9, J-IB;^— h^(Di^ 

6 



wo 2005/073422 



PCT/JP2005/001555 



3. _htSl-^fcf^. 2}C4oV^X, C : 0. 2mass%ii;T> Si : 4inass%J^T^ Mn : 
12mass%j^;T> P : 0. lniass%i^JlT. S : 0. 03mass%i^Ts Cr : 15~35mass%, 
Ni : 3]nass%OT. N : 0. 05—0. 6mass%^#^b^ ^^fB:^^ Fe :}3 J;OT"BT3g6^:^ 

4. _b|B3 JcljeV^T. ±m^y'>U:^m\^. Mn : 10inass%£;T> Ni : 1~3 

5. _h|B3 ic:3pV^X> ±.W^y^y^>^^Mi^. Si : l. 2 mass%J^T^ Mn : 2 mass% 

6. _b|B3 IC*3V^T> _h|B;=^7^^'V':^il{4^ Si : 1.2 mass%J^T^ Mn : 4~1 2 
inass%, Ni : 1 inass%OTtr-g-^b. atl5 Fe *5 J; WBTaSS^^M^^^fe^cea :7 a. 

7. _h1B3 };i*3V^T. JilB;^-7^Vl/;^iS}*> Si : O. 4 nlass%£i>T^ Mn : 2~4 
mass%. Ni : 1 ]nass%i?JLT^-^^ U Fe *3 J; -O^^RrjEW^ ^'^^ S :7 

8 . C : 0. 2inass%i^T> Si: 4inass%j5Jt.T> Mn : 10mass%£XT. P : 0. lmass%^ 
T^ S : 0. 03mass%J^T^ Cr : 15~35inass%^ Ni : l~3mass%> N : 0. 05~ 

(??C + N^0.16~2mass%^ UT. ^^^-^T^-^-f h^Offi^^^ 10-85% ^ L 

9 . C : 0. 2 raass%)^T^ Si : 1. 2 inass%i^AT> Mn : 2 mass%i^AT. P : 0. 1 
mass%:E>(.T. S : 0. 03 mass%iJjLTH Cr : 15 mass%i^±. 35 inass%£AT. Ni : 1 
mass%OT> N : 0.05 inass%j^JLJt 0. 6 inass%%JeJlT. Fe :i3 j;!^:^ rTj^^^^ 
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10. C : 0. 2 mass%fi;T> Si : 1. 2 mass%&.T. Mn : 4 inass%J^Ji 12 m^ss% 
gAT^ P : 0. 1 niass%£;T> S : 0. 03 mass%£^.T> C r : 15 mass%£A_h 35 mass% 
eAT> Ni : 1 mass%^T. N : 0. 05 inass%J!^_b 0. 6 mass%iy>T> ^§13 Fe *3 J; tJ? 

11. C : 0. 2 mass%6Jt.T^ Si : 0. 4 mass%£AT> Mn : 2~4 mass%. P : 0. 1 
inass%mT. S : 0.03 inass%£JlT> C r : 15 mass%£Z._h 35 mass%J^;T^ Ni : 1 

mass%OT> N : 0. 05 inass%BA_b 0. 6 inass%i^T. BfP Fe *5 j;OT^3^S^^»E 
mt^hfii'O. ^^^T^-^-^ b^S^^^^^ 10vol%i^;Jb85vol%i?i.T-eg>S::^^#^ 

12. _hiS3~l 1 lc:*3V^T^ ±1B;^-7"^^w;^»^ Jiia^:5>^^lc::tJP;tTS b 

(;iMo : 4 massroJeAT. Cu : 4 mass%]iAT<^V>-rtb;?)^ 1 SXt^i 2®^-^^^- S :7 ^ 

13. _hfa3~l 2}C$5V>T. _hi5;^-7^>'w;^«^ _hie^:^m^i-5Px.T$ b 

V^0.5mass%£;lT'^WUfc^(D-^fc6^— ^ * :7rt9'f h^:^"?" 

l^:. Ai %o.iniass%g;LT-^^i-fc>b<z)-efeS:^-;^7"-?--i' b • 7a.y-f 

t^, B :0.01mass%i^T. Ca : 0. 01mass%J^T> Mg : 0. 01inass%i^AT> REM : 
0.1niass%OT> Ti : 0. l%j^T©V>-rtl.;0^ 1 a^fcf* 2Si^-b^^^bfct>(^-e 

16. _blB9~l 5^;l:^3V^T. O (C+N) «fiJt 

-e, 0. i6j^_t2%:!i>^TT'feS7cn9-r h • ;^-7'-t--f h^;^7"^i^:^#3o 
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J;t; (LDR : Limited Drawing Ratio) C>P#%^i~iJ^'9 :7-efe5„ 
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^ ^ . ^^^^^^ }^^:^T>'Ty:^mm^-$sn^^^li^'i^^^^i^^-f'^^^'^ 

^ i ^ ^ b fc ^ :7 T a o 

h V ^7 A^^t-S't'-e. 100~300mV V s S C E. (DM^I^ 30 ^m^Wl^f^ 
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m\^^^^m^n^nti:\^\ 85%^mx.^t. sc cm fh-dmM.^f^^ 

X^KfS:^ti^X^^a ^*UV^;^-;^7"-^-r hm<D^^\-i. -^jM^-e 15-80% 

n^mm<Dmi. ^skmmm iy^^)-yr^^\\:.^^)^j>^ (Ks cpe (cn) ) :30g 

+imA\^-^ 3 J>> (KOH) :30g+7K (H2O) :60ml) \Z.X^V^^^ '^•^^^^^ % 
(Um. mm)^m^ir^^tiz.X\)mmir^^t:d^X%^o M.i^m\a-i. Cr, Si, 

uoM^m<. c, N, Ni, cumm\^^ut\ hm^^mi-imn-r^^ 
^fc, mm,m.m\-^. ismt'si. :^-y^T'r4 hm^m-^m^i^i^. ^^^^ 
^t^ c, Nf}^mmtmtvxmm\^xmmMibm{i^u h^<D^ 
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:5S2inass%M;tT^^'r§^^ mm.^(^^^nm^mm. mmt^^mz.-mm\^. 

~ 2 mass% (D^H-e § o 

<DP#{*. C, Si, Mn, Cr, Ni, Cu, Mo ^ V^ofc#^<^^^:$^<^i^^^S{t6 

Ntm^h'r^Wr^^^^^\ hm^<Dc, N<Dmmn. mx.f£. 
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-fSTi-sfcj?). :^-;^^^-f ^;f@^^^v^< hmx^x%. -^x^y^mr^m^n^-x^ 

Ufc^i! UT:^— ^^T^-^-f f • :7ai^^ h^;^7^vw;^«;fe}c*3V^-c. :^ — 

;=^^?l^'t4 (press f ormability) l^l^^^ J^cK^^^-^^t § ^ ^ ^Sr^ffl Ufc ^ ^ 

*3V^T. :^ — ;^7^-?--r M^'=f'(^C, N, Si, Mn, Cr, Ni, Cu, Mo b TIB 
-30-90 ^ I- J: . M^3:i^v^M•l4#'14:^^#S - ^ -^^X^^, 

O. Smm Xh 48%&.±(D^WX^-Amhfh^ ^ t ^mty bfc. 
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IB 

Md(y)=551-462(C (y ) + N ( y ) ) -9. 2Si ( 7 ) -8. lMn(7)-13. 7Cx(y)- 
29Ni(7)-29Cu(y)-18. 5Mo(y) .) (D 

fcfcU C(y). N(y). Si(y). Mn(y). Cr(y). Ni(y). Cu(y)*3j;tJ« 
Mo(y)f-is -^tt^^fb^— ;^^-^-f bt@'=l^<^C*(mass%), N*(]nass%). Si* 
(inass%)^ Mn*(mass%), Mo*(mass%). Ni*(mass%), Cu*(mass%). Cr * 
(mass%)'CfeSo 

h^mm^'OMi^^^t^M^-r^o ^UT. _htaMd(y -30-90 (D^H^S 

XMM^/^'rl^^^ ^*:&5/>:^^v^:^)^fe-efc^9^ -^fc. Md(y go ^®x.'5»'a' 
Md(y)?r-3o~9o (Dmmi^pmi^ft.m^i^(D^. ^4-^5/^^^^^^^^^*^- 
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^^^^^^ \.i^a:,>M'^^^'mi^^mMfi:7tm-^^^o ^®^^^#^fcae>tc:(* 

0.003mass%iy._b:aW^UV\ CMil)^> 0. 2inass%^®X.S ^ . C^@^$ 

O.2mass%jy.T5-0!lPS-t~'5o L- < 0. 15mass%7{^^a-efe^o -^hK. 

m±mfl^^^W-f-^mM.-^^ C U 0. 10mass%*M-efe-5 r i: :as J: «9 0^ U 
V\ 0^U< 0.05 ]iiass%OT»J|5&-f-So C*0.2 mass%OT<^^# 

^^h. c ^^MH)^ 0. 10 inass%iy._h-efi. mjt-timikmtLmm u < ^Mb-r So u 

^mm-r^m^i-iO.lO mass%%^m. 0^U<f*O.O5 massroOTa^-r^o 

• Si : 4mass%ii/.T 

0.01inass%2A±;aW*UV\ Ud^U Si <D^iP»:d5 4inass%^®X.S ^ . 

Si 0. 4jnass%WT»JPSi-S<^:i5«t ^5 0* uv\ 

• Mn : 12mass%ia>(.T 

12mass%Ur t'r^(Oi!}m'^\^^\ ^^b<}^x 10mass%£;T. J;>90*U<f* 
8mass%ii>LTT$?5c $ b U < 7mass%J^T"^fcSo 

• P : 0. lmass%iaAT 
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U<}^^ 0. 05mass%lij!.T"efe'5o 

• S : 0. 03inass%eiLT 

• Cr : 15 inass%~35mass% 

Cr}*. ;^7":^^/>^l#e{^:M1t'|4^#^-r^ft%M^c^7C^"efe^9^ 15mass%^?i 

^iir^Sr ^:aS@|il^j^i5o J;oT. Cr f*. 15~35mass%(^^IS{-$!lPSi~^<^:d5^ 
^ UV\ J: y}0i^'L< \t. 17 mass%~30mass%-efe^<, 355^0^ l-< 18 inass% 
~28mass%-Trfe-5o 

• Ni : 3mass%jy>T 

(DmM^>m\ivx-yrr.9-f hm(omm^^^t-r?>m. =^y^h(D±M-^-m<(DX\ 

• N : 0. 05 niass%~0. 6mass% 

0.05mass%7i^^^-e}i. ;^-7^-^^ M^B «t'(Z)N©m'fb^5^+:^^ ^cC^o J:oT. 
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0. 05 mass%~0. 6mass% t ir^ b < }4 0. 1 mass%~ 

0. 4mass%"Cfe-5o 

0. 34mass%JEJ!.T"efeSo 

Mo ^TtS^^ffl-e-a^-r § ^ t t^X-^ So 

• Cu : 4mass%jy.T 

'ft^-r 6 4iiiass%i^Tt-a!JP5i-S (^^^^^^^ < 2mass%£A 

• Mo : 4mass%j^AT 

?n-r-5©T\ 4inass%i^T(-0!lim-rSCQ^W^bV\ j; 19 b < 2inass%J^ 
$e5}-> 7|s:^5^<^;^v":^V:^^}^> Jb|B©^5^iy.^l;iV, Al, B, Ca, Mg, REM 

• V : 0. 5mass%i;i>T 

M-f-^ - t f)^X% So ^©^:i:^#SfcJse)t-f* 0. 005inass%iy._b:5W^ bV^ fcfd 

b, o.5inass%^Mx.st> c, N^mm^'^^f^^<^^^^m.m^m\^<M<^ 

y). ^m^(Di&T^^<o *fc. 0. 5mass%^Mx.St;^lfe?i.^%iffJt''Ct> V^fb-a- 
(OmMMlt 0. 5mass%i^;Tl-^JPS-rS ©}eiS$?^ UV^o J: !9 b < }-± 0. 2inass%J^ 

• Al : 0. linass%J^T 
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is:}* 0.003inass%^Jt;aS^*LV\ /cfcb. 0. lmass%^^X.S t . ^^^^^^ 

UT*W*<^)^i^J^H^^''iS<Z)-e. 0.linass%eATl-^iJ|5B-rso;eiW*Uv\ J: 

U< ?"± 0. 02mass%i^T"efe^o 

• B : 0. 01inass%i^T. Ca : 0. 01jnass%ii;(>T^ Mg : 0. OlI^ass%]^T^ REM : 
0. lmass%i^i.T, Ti : 0. linass%mT<^ 5 ■^OV^-f'tbd^ 1 S^fcf'i 2aii/._b 

B, Ca, Mg mimMJi^^m±^^^^i^tvxm'M.mM-r^^t-d^x-%^o 

^(D^M^^^tima-t 0. 0003 mass%i^;_h:aS0* J: 9 U< 

0.001inass%J^Jb-tffe5o $ 1310^ b < f*. 0. 002inass%j^_h-efe So U^^b^ 

0. 01)nass%^@X.§ tm^m^^i\^-r ^ (DX\ ^tl^'fh 0. 01mass%J^T}-«!l|5S-r 
S<D:aS^^UV\ X^ni^\^<i-i^n^^tl 0.005inass%OT-efe5o iKl^lSl^l^ REM, 

^#6fci?){^}^ 0.002niass%J!^_b;aS^^UV\ bd^U^ 0. linass%^®X.S ^littft 

U< f*0.05mass%J^XT-eS)Sc ^=£33. _hfB REM La, Ce ^(D^±^7n^«^r ^ 

• Nb : 2mass%i^T : 

Jl^m^l^^\ U^^U 2inass%^M;t'5^. Nb (D^^^b U M 
0. 05mass%£JlTi-^JPR-rS(^;OW^ bV^o 
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Mci^m\a-i. Cr, Si, Mo»;5S|£<, C, N, Ni, Cu »:dS]^V^}a^\ 

^ hm^mnmin-r^o *fc. i^^m^}*. wim^^^t. hm^m 
/>-rso 0^19. mm^m.m^}^-^x. ■mi^<^:^-^y'^^ hm^s^mm^n^ 

^^^^^^ ^;|:g^^^^5£<5<fc^^)^*bV^;a^ 30 ^^!>@^iiA_b^i^-rtb}^+^-e 

-So 

'^mmmu(o^'^i-i. ?^Mm<^*^i^M?as^7oo~i3oo°C(Dt5isi-i-s© 

m^-h?>\^^^t.mM.^m^m^^fd^<D(D^, iK.^{c;;S^CTVOD (Vacuum Oxygen D 
ecarburization )fcSV^f^OD (Argon Oxygen Decarburization)^<??2^;W^Sr^ToT 
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j-ufc^So-C 100~300mm m^(D:^^'7^ti-^::.t^^'^^^^o 900~150 

' mm^^<^xi-i:, mmu-^f^i-^BMmm.m\z.if^mj^M^Mv^ mm o.imm-smm (d 
m-^^m^mm^M^Mo ^Ko^mia-i. ±j&ut^^oK 7oo~i3oor 

mmmm, mMmm.m, ^^M*lsl^&«(^v^T ^^(Dis^-c^feoT^^, mm(D:t—:^'T-r 
^ h^^<Di^mi^^^^> io%~8 5%. (Dmm\^\^. fcsv^f*, ^^k. 

h^^(DC, N-^^»^0. 1 6inass%~2mass%<Dt5fflt--t"'503t^#^ 
nm-r^ ir -T?. TlC^PJO^:^^^, ^fc. V^-f tb(D^ffitt_b}mB(JIS G4 

305(2003) l^^^$ttfc N0.2D, No.2B, BA, W^ttJiJf ^) tc:J:oT%*^0J<^)^m^5 

(11-12 ^^;=^-e5KJ*3~4nnn^T'^M) . mmmmm (1100°CT' 1 . 'if^m 

fi:^mm- 0. sinm (D^m^mm^M^i'^Mi^tL. 

^ 143 05 J^rS^r^-W. 5 1 §S^a*3 J: tJ«RS#^ !9 J:b ( L D R : Limited Drawing 

Ratio) ©ilJ^^^TofCo 
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V v'T v-ft:;?; y a 30 g +7Km'fb;^ y 30 g +7K eom 1 ) :h?}y^if^7kx=^iy 

em^*w^^TV^. &^^{:^—:^T'r-( vm) 

(DX. *-r> ifM^#^}-OV^T^ C*fcliNO^'|4^:iy t'^'iJ'^^^ToT^— 

h^^(Dm^^>h^i^<:>^^X. C, N, Si, Mn, Cr, Ni, Cu*5J:t5Mo^^ 

Md(y)=551-462(C(y)+N(7))-9. 2Si (7 ) -8. lMn(y ) -13. 7Cx(y)- 

29Ni(r)— 29Cu(y)-18. 5Mo(y) (D 

fcfcU C(y). N(7). Si(7)> Mn(7)^ Cxiy), Miy), Cu(7)*3j;t^ 
Mo(7)f±> ^tb^^tL;^-— ;^-7^-:?--^ ^^@'^"^C»(mass%). Nft(mass%). Sift 
(mass%). Mti*(mass%). Mo»(]nass%). Ni»(inass%)> Cu*(mass%). Cr * 
(mass%)-^^a$tl.S*PXfl^■^/V■7^>'i^^ hJg^(Md(7)) ^^fefCo 
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E 1 = {E 1 (0° ) + 2E 1 (45° )+E 1 (90° )}/4 
^n-ibik^. : 35imn. ^J¥;t;^ : 1 ton 0^#T?R^g5 

^)j:b(LDR)^^fe. ^^^)'i4SrfF#ufco BWi^'o mm\m^^f:Mmn 
^(Md(y))©^#^:^bfct>©-efeSc r(DEl2:d^b. ;^7"-^-r hfa^^coc 
h NO-a-ff-i^d^ 0. 16— 2inass%-efe-5*5§PJ»Tt5. Md( 7 ) ^MlEJ^^^HfSl^iJ 

jp-r^^^i-J:?). M}^::^#<®c^l^:^^. Md(Y) ^-30~90 <3Di5ffli;i$!l 
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* 1 CO No. 13, 18 ^;iV^T, 1. 7imn ^-t^MUfc^®*^ iit±\fm.m 1000°C) , 
feSVM*. $ bl- 1050°C-e Imin L-^c^MJ^if^^i^^^^"^ 

^©1^^. ^M^S(^:^-^X-:^-f hfe^^}*. ^*T.-?tL> 5 9%, 5 7%. 
— ;zL■7^:^^ hPfgffiCO C+NSf*. ^tl^^ti. 0. 4 Omass%, 0. 4 3mass%, ^ 
^^^tb5 8%, 6 0%-^, ^mmVit-A^. ^th^th2. 3. 2. 4-e 

fcofco ^fc, 6 0%, 5 

9%. — :^y'i-4 h^^<DC+nmU. ^tl^tl. 0. 3 9 mass %, 0. 4 2 

mass%. ^#tJ5:aS. ^tb^^tL6 0%, 6 1 %T% m^^^ it-A^. ^fh^^2. 4. 



fc^lS^T-e^MU i250°cjp|^m, ^KjEM (ii~i2/-^ 

J: 5 950~i300°Cco^a^f5IS'e 30~600 fp(Dj±±.^^^^^^. :t--:^'ri--< h 

:^^ufco z.^h(oi^m-^h. if-^^(o^^-^wt.-^. -r^i:t>-^. Ni^i~3 

inass%-^:ru. h+S^^^S 10-85%-^. ;d^o;^-;^-7^-^'f hm^(D 
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m3(DNo.3, No.5^ffiV>T, 1. 7mn ^ "e^M bfd^M^S (tt_htf M 1000^) , 
$ e> lOSO'C-t? Imin fmlJ^|f£ bfc^Mi^i6^}-0V^T %J::i&<^^^m^it*^ t 

mmU(D:t—:^'T-r4 h^^mn. 8i%, 53%. 

h^^(D C+N ^fl^^tl. 0.16 mass%, 0.54 inass%. PSIf^ 19 J;b:^S^ 

^tb^tL 2.4. 2.5 -e. mmm^^(0^'-^y'-^^ h^l^mn. ^th^fh. 79%, 
52%. C+N*f-±. ^fh^fh. 0. 16 mass%, 0. 53 inass%. 

m^m^i^t^^. ^tl.^tT.2.4. 2.6-efeofCo ^^^K^BM^M^^^ 
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:2^^P^-ef-±. J:itS (1) -e^i^fcCQm^COiH (C : 0. 2inass%J^T. Si: 4 
lnass%^^;T^ Mn : 12inass%J^I.Ts P 0. linass%ii^T. S : 0. 03mass%i;AT^ Cr : 
15~35mass%, Ni : 3mass%OT. N : 0. 05mass%~0. emassyo^-^^b, ^Ui)^ 
Fe:iSi:Xf^^-pm^^M<'^i^^hf-i:^mo fe§V^^•±. $ fel^Mo : 4 mass%i^i.T. Cu : 

0.5mass%OT^^i-5lio fc§V^{*, Al ^ 0. ImassroOT-a^-f-S^o 

feSV^fi:, ^ hK. B:0.01mass%iy.T> Ca : 0. 01mass%i^/.T. Mg : 0. 01mass%]^i> 
T. REM : 0. lmass%OT^ Ti : 0. l%OT<©V^-f ^1/)^^ 1 S^fcf^i 2@£;ji^-^^-r 
(mu b^«^c+N»©^^{*tlU ) {^l*3V^T^ m^. Si: 

1.2 ]nass%^T. Mn : 2 inass%j^T. Ni : 1 mass%UT t-t^ ^ . 

5^ |1I@S<^ Cr ^ 15 niass%~35 mass%-g-^-r ^5;^— 

• Si : 1. 2 mass%i^/.T 

im^l^^\ ^<D^^ft^'s.* 1.2 inass%^®X.^i!> ^P^WPXtt^S^Ml^i-^ ©"e 
1.2 inass%J^T> U < 1. 0 massO/oOT. $ b lC«{b:i- J: SlIicfe'l^^Mi::^ 
#iti-5#^J* 0. 4 mass%mT;S5^f * l-V\ 

• Mn : 2 mass%ia^T 

h^o •?:©^;^^#'5fcfelC{-± O.O4inass%J^_b^S0^ bV\ El 5 f^. Ni"^^* 
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l^-rMn-f^»0^#^^-t-^'7:7-e$?5o flJ^Af^, mikBV^ flJ^Bf*. 

mass 

• Ni : 1 mass%^^XT 

fetLJ^e<jfeao fc^x.Ff. sus329^(D:7ai7'i' h • ^^x-^-Y h5^;^y^>'i^;^ 

Ni -g-^*}* 1 mass%OT> 0*U<?'i. 0. 9 mass%OTi-f'JPS$ixSo 
/i^S P,, Ni 0. 10 mass%i^;lTT'fc^ -©1^33 J;t5^^§|5^^V^-f tViJl^SV^T 
hm<Om-m^^Tir^o Ufciei^oT. Ni»}:i. ftt5^^L-< fiO. 10 inass%M 
0.9 mass%Sk-ft-i-^<D-A^^^\ 

^ ;^ 7" >■ 1/ ^ $i-e -5 - ^ i~ ^ o 
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;^^PJ"t?f^. :i—:^T'r4 btSr^^^ lo~85vol%, 0^ U< f:i l5~85vol%}::|5SS 

^O;^— ;^v"-^-r C+N 4^5 0.16 mass%*'a■T?^*+:9'>^«'l4^ U 

f£ia0-^V<l-iO.2 mass%~2 mass%(DmMX^^^'^^<D-A^^^\ 

^^-^-f bt@4'coc. N»:^s^^^6m^:^5#<^ IB©^:^^^:^^!!! 
^^^^^^ ^^xp(7:)C^ N*:^5^ft^'5#^:as#v^r ^7^£^^^6^l3:#bti.fc^li 
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(882hPa) *l?(Z)ffiaT'«Ufc#IS^^r-x?^^U (^fc}4«^*. 
mm) t Ufc=^. 12 5 or^JPl^^, IKi^lJEM (1 1~1 2^-?;^-^^J¥3'-4imii 

asBM) . ifeliS (1 1 0 ot)-t?iinin) , '^m^M mu^^oox^Mm^. ^M) 

5Zi^;H:$^^y iJ^-fe^'fit^ bfct><D-e&>5c ^(Dm. ^^^tfi^-^ 80mm X 8 0 

mm(DiE:^mmtv. ^9-:7r4hi^v-^^m^\^xmm\^. 20mm. 

8 c mifiIX12 c xn^<Dl^mm^m^n—mU(Dmm:^^—7^^Wm\^tL 3 c mf|ig 

x4.5cm*<^?^M:^#6^Sr «rm:J2L, rti^fe ^7^:7n (.^mmU) U(0 

^^^^ ]. . 12mmi^_b-efe 
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* 5 <D No. 3, No. 4 ^ffi V^T, 1. 7mm ^ X^^M bfc^M^^ ii±±\fU^ 
1000°C) , feSV^{^, ^feicl 1050°C-elminrH^;^S^BL.fc:^M;^M^S^-oV^Tt>_h 

tb^^tb, 48%, 45%. ::^V ^^T^^tb 14. 5mm, 14. Omm-T?. 

itm^©;^-;^^-t--f "tti^fh^ 47%, 44% (*#:e^j^^fii:^ii^Pli 

V^-^-T) . ^-feVffi^^. ^ijx^^tl. 14. 6mm, 14. 2mm-t?feofCo "Sfc. 

::^mm\^^^mn. JtlS (D -e^-<fcmj^(^)«i (C : 0.2mass%OT. Si: 4 
mass%OT. Mn: 12mass%J^T. P : 0. linass%i^T. S : 0. 03mass%OT. Cr : 
15~35inass%, Ni : 3mass%i^Tv N : 0. 05 mass%)~0. 6mass% ^-^^ 
ii^ Fe :3o J;t5^ pTaK^^JNfi^^O^ b SiSc -5 VMi, ^ b (c: Mo : 4 inass%ii^T. 

:^ 0. 5mass%J!^T'a^-t-'5i9o $?SV^{*. ^ fel^. Al ^ 0. lmass%£iT^^'f-6 

IBo fe'SVM-i. ^hK. B :0. 01mass%i^T. Ca : 0. 01mass%i^T> Mg : 

0. 01mass%i^;^T^ REM : 0. lmass%fi;T. Ti : 0. l%&.T(D\^-rfl^^ 1 S^fcf* 2 ffi 

gJLJb^^^-rs^ (mu ;^-:^7"-t--r h*B<^) C+N *<D^^{^ilU ) i^ifc'V^T. 
Si : 1.2 mass%&.~f. Mn : 4inass%~l 2 mass%£/.T^ Ni : 1 mass%i^/.T 

^ ^ ^.(31. ^©^Jl»m:a5|g.^t:j:r(^;^v-;;^'7^-^^ h^fl^W 10vol%i^X 

• Si : 1. 2 mass%i^AT 
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;aW*l-V\ mass%^m^^t. mmMH^-d^^^t-T ^ <DX- 

^^<Dm^\^^^hi^1^U-r^t^^KU. Si 0. 4 mass%SXT t'r^<D-dm 

• Mn 4 mass%~12 inass% 

lii^PlFIS^Sj:^?-©^^^^^!:?^^^^^^^: 0.035% (®ftJ:b) 
^%t4>-C\ 100~300mV vs SCE. om^lCl 30m 1 ni^^Ufc i: # 

:^iE^ Mn^^»^(7)M#.^^Ufci^^^:7T?&5c ^^^CO^^f*. mW^^ 1mA 

0 9 J: 5 Mn ftds 4 inass%i^^Jb-efi^^$t U < IR] 

inass% ^mx-^t mUm^^^(D MnS ^O^tfe^^:^^?!^^ $tbSfcJ?)T'$?S^# 
X.htl^c Ufc:aSo-C. Mnft{*4 mass%J^_h 12 ]nass%l^T^ 0^ U < 5. 2 
inass%iiA_h 10 mass%i^T> ^ bi^l^^ L.< f^i 6. 8 mass%^mmm^f\^^o 
• Ni : 1 mass%J^J(.T: 

^^j^i-^<DlZ.mm-Vh^o ^(D^Ji^^U^tL^i^i'i 0.01mass%gA_h:dW* 

Ni ^^An. 1 mass%£;LT. 0*U< 0. 9 mass%JiAT«JPS$tt§o 

Ni<D^^»dso.io masso/oOT-efeSi:. -S:;|^:SLt;«^^^'^®tt 

0. 10 niass%M^^$^^<55^S0^bV^ (^Wli 6 #.^) o 
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^ 10~85vol%. U< 15~85vol%i!-rSo 

^tbS C+N^^ 0. 16 inass%i^^J::2 massVoSXr t-T^Otm-^ mmM<D^ 
^^L< f-±0.2 inass%~2 mass%60t5H-e^^$-^S<^:d^ J^V^ 
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hm^(oc. n (D^'^moymMit. fci!x.ff EPMAi-J; <9*3i?^& 5 :i^:e)5.-e^So 

m (882hPa) *-t?(?5fgffl-e^J#bfc#ffl^fT-^«iU ffl^^^:/ (^fc«li^. 
^Ufcm^ laSO'Cinl^m, Ili^JBE^ (l 0~1 l^-^^-T?^J¥4~6nmi 

3£^^) . (1 1 0 oT:-T?iinin) , }^m^m mm.--3oox:Mmi^. ^^m) 

-^©m 900~1300°Cc^?aS-Cit_hif!^M^^TV^. ;KJ? 2. 25mm(D?^M;^M« 
TIG^^a^fflV^T, SA«;^ 900W. jg^ 30 c m/m i n(7)^#-e. ^ 5mmil@ 

mm 1 ^ iHiiif- bT^To fco 

25mm(?5«*:a>i-l-oV>-C. ^pS;^^-/^^M^> 0.035% :^'fb 
•ThV ^7i^7K^l^ft''C 100, 200 *3 j:tJ5 300m V v s S C E. ©S^fcl 30 

\^fj:7!)>ot:mm^ r^:^/^L-J ^fF«bfCo 9 A (^^-f o ^9At3:*5 

m-i. 200m V vs scE.<Dm&i^'^\m±^m^^-r. wmu(Dmikmm 

^ 8 No. 15, No. 16, No. 17 ^B^^X, 2. 25imn ^T'^® Ufc^^^K (>tt-htf 
1000°C) , fc-SVM*. $b{c:l050'C-T?lmin^B^'B$l6Ufc^Mi^#l6«^-•oV^Tt>_h 

32 



wo 2005/073422 



PCT/JP2005/001555 



20%, 31%, 52%. mmmmMLM-::^'r~r^ vm^^mt. ^tth^^ti. i8%, 
30%, 51%. mmutmmmmm<D\,^-rfi-hMmm^m^nm^hti'r^^mm^ 

(-^fcnmn. mm t ufcm. 125 or^Mmt^, ^khm (1 o~i i/-^^^ 

4~6mm a£) . ( 1 1 0 0 "^-e Imin) , ^m^M i^U-SOOX^Mm^. 

^M) b> ^(Dml050°C(D?a*•t?tb_h^«#£^^TV^. mm2.25mm<D;f^M'm^^ 

■S:;^§g53j;t/^^tl5:5^bJ±M;^|B]i-^fTi-iiiS 10mm. 75mm(Z)^>t^ 
U rtl.^ftff^#10mm<7)U-<>'ma;t^b:^Co ^^ftS^ii^b-^ $tl.fc^ 

)fxn. u^>vp:.m.}T-(Dmmmm^tti:^^^\^^^±o ^(oxoi^mm^ti 
i^tamm. mm.) t ufcm. 125 o°c;&pm#, ^kj^m (i o~i 1^-^;^ 

T'^jy 4~6inm og) . mm (1 1 0 0°CT' Imin) , if^mmM (^?a~3oor jp^^. 

y^M) ^©mi050°C(D?^^-Cti:_btf!^|i£^^TV>. 2. 25mm(D?^M!^^ 
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±mi^^^^^f^t^^Mm^. TIG m-mm^m^^x. ^Am;^9oow. 3^^3o 
mw^^^Mi^. mi 3 K^To mi 3i)^hm h^^^i: x^iz., m o. i% 

-So 

:^mm\^^^m\'i. -bia (1) Xm^tim.^<Dm (C :0.2mass%OT^ Si: 4 
mass%iy.T> Mn : 12inass%£;^T. P - 0. lmass%^^XT^ S : 0. OZvnass%Sl~f. Cr : 
15 mass%~35mass%. Ni : 3mass%J^T. N : 0. 05 inass%~0. 6mass%%-a^ 

V^0.5jnass%OT^^i-Silo fc^V^}^, ^ hK. Al ^ 0. lmass%Sl~f^^ir 

5iio fe6VM"±. B :0. 01mass%£AT> Ca : 0. 01mass%£AT> Mg : 

0. 01inass%j^XT^ REM : 0. llnass%i^T^ Ti : 0. 1 Inass%^^AT©V^-rtb^^ 1 fc 

^oV^T^ Si : 0.4 inass%J^T, Mn : 2 inass%~4 mass%^^T^ Ni : 1 mass%i5^T 
• Si: 0.4 inass%i5AT 

f-^^mx^r). m:s:mMir^^tib^x%^o ^(D^^^n^fc^K}to.oimass% 

34 



wo 2005/073422 



PCT/JP2005/001555 



ic:5fe-5o J:oT. Si 0. 4 iiiass%^^XTs 0^ U < f4 0. 38 mass%i^;Ti!-r§o 

• Mn: 2 mass%Sx. 4 inass%7|^?^ 

^:^}a5|S^Pi"'5o J:oT. 2mass%®X.4mass%7i^^M(2:-|"'5o ^MfaHf^N 2. 
■ 2jnass%J^Ji. 3. 8mass%£;.T'efe -5o 

• Ni:l inass%£JlT: 

Ni J;tJ«Ni mm^m<DmmK^ V . l inass%OT}-MPS$tb 

^^^^^^ 10%7^?i-ef-i Si ^g^lcJ:6#ttfcii&t^14:5S^#$n^^ 

T-r-f hm^mi-i 1 0 %J^>(._h 85%J^T^ U> 0^ U < 15%Jii.Ji 80% i:-r^o 

m^^'^f^^ C+N»^ 0. 16 mass%i?J^_h2 inass%£AT^i~6«^:aW^ MB. 

m<^^—^y"'^^ M^gi-'a-^tbS c+N*;as 0. 16 mass%*^MTi*+^'teM'ti^> ?m 

U < 0. 2-2 inass%OfSIS-e-^^$*S'^:55J:V\ 
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bfcm. 12 5 orApmm, MffM (1 o~i 1^-?;^) emm ffco^MK 

JZIJ;^ 4.5nmit OJ^M^^f^SbfCo #fcnfcm^i-OV>T lOBOt^T' 



• ^a^?^ : iitmii 57Kfni^ 10 0 m g:S:t;«am 10 0ml ^M^M^X 100 

0 m 1 mmBMm^n^^^'^f^o 

• ^@^;^ife:KajtSr-bfB®W^^^f-8 0#fBlg«U. m'9ttSU^. ft(f^#4. 

^1 4A :2^^BJfflcDNo. 1 ^ 2 f:i. ^Jf-lJif^. Mt^is: J:^f!ltL^s|i< . 
#M■:^'l4^^:'®tt-CV^;5o•— Jt^M<^ No. 3 4 -x?}^. m^Ki:-^ 

^14B{*, ^Jg^!|l<^*l*3=ttJ«2<^li*g(^liNo. 5~8^^oV^-C. -h 

-To 
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^ fc. * 1 4 A CO No. 1, No. 2 ^ffi V > T , 4. Sum ^ "C^M Ufc^M^S (tt Jitf S.^ 

looot:) , fesv^^i, $ bi- l05o°c-elMinKifc^i&ufcl^M;^#6^s^-ov^-r^±: 

tL. 60%, 60%. mmmmm(D^—:^y^'r^ hm^^mn. ^^fi^n. 58%, 59% 
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3. _bfa;^^ C : 0.2 Inass%mT^ Si : 4 inass%£AT^ Mn : 12 mass%&. 
T> P : 0. 1 mass%£/!.T, S : 0. 03 inass%i>JlTs C r : 15 ~35 inass%, Ni : 3 mass% 
OT. N:0.05 -0.6 mass%^'^:=rU ^m^Fe ^^Xf^^WMm^mm-A^hti:^ 

4. jLifa;^X>'l^:^iif*. Mn : 10mass%iy.T> Ni : 1 ~ 3mass%^^^b. 

5. _hlB^7^^^V;^iif-±. Si : 1.2 mass%^^T^ Mn : 2 niass%ei.T> Ni : 1 

6. Jb|B;^7^Vl/^IKf"i> Si : 1.2 ]nass%mT, Mn : 4~1 2 mass%. Ni : 1 

7. Ji|a;^7">'V;:^^J"i. Si : 0.4 mass%i^T> Mn : 2~4 mass%^ Ni : 1 inass% 
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8 . ±mm^m.^\^MK.X^hK Mo : 4 mass%i^T> Cu : 4 lnass%j^T<^V^-r^^ 

11. _h1B^^m^l-iPX-T$fc}-, B:0.01mass%i^;Ts Ca : 0. OlMass%OT> 
Mg : 0. 01lnass%^^T^ REM : 0. lmass%£;T. Ti : 0. l%eAT<^V^-f tb:d^ 1 S^fcf* 

2 mj^_h^^^ Ufc ^(DX:h^:it ^s^mt-r^mi^m 3 ~ i o ^ov^-f tT.:^^ i m 

12. C : 0. 2inass%£AT. Si:4lnass%OT^ Mn : 10mass%J^T. P : 0. linass% 
SkT. S : 0. 03mass%i^AT> Cr : 15~35mass%, Ni : l~3inass%, N : 0. 05~ 

"©C + NSr0.16~2mass%^ UT. h^j^Offi^^^ 10-85% ^ b 

13. C : 0. 2 inass%i!y.T. Si : 1. 2 mass%]^T^ Mn : 2 mass%^^;T^ P : 0. 1 
mass%SiT. S : 0. 03 Inass%£;T^ Cr : 15 vaass%U± 35 mass%£/.T. Ni : 1 
mass%OT. N:0.05 inass%ij;JL 0. 6 inass%%i*ATs Fe *3 j;!;?:^"!:®^^^ 

^Sia^'f <z):^-^'7^-^-f f:t=@5^^^sioe;_ti85vol%J^;T-T?$?5 
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14. C : 0. 2 mass%iy.T. Si : 1. 2 lnass%J^T^ Mn : 4 mass%£A_b 12 mass% 
gAT> P : 0. 1 mass%Jil.T. S : 0. 03 mass%^^;T^ C r : 15 mass%£Z._h 35 inass% 

Ni : 1 mass%iy.T> N : 0. 05 mass%JJA_b 0. 6 mass%J^T. ^la3Fe*5j;t5 

^■sr3ffi6^^^i^:d^e5>'£9s ^—^^'T-^^ l0vol%eAJt85vol%^Tt?fe 

15. C : 0, 2 Inass%^^i.T^ Si : 0. 4 mass%i^T> Mn : 2~4 mass%, P : 0. 1 
inass%£/.T> S : 0. 03 lnass%^^JLT^ C r : 15 mass%iiA_h 35 mass%ijXTs Ni : 1 
inass%OT> N:0.05 mass%eJ^_h 0. 6 mass%OT> ^fB Fe *3 J: WRTigfi^^^ 

1 6 . ±m^^m.^KMK.X^ feiil Mo : 4 inass%JJXT. Cu : 4 mass%£^T<^V^-f 

17. _h|B^r$^^fl^i-*Px.T$b{c:. V%0.5mass%OT'^^l-:^ct><Z)T-fe5li 

^:S1 2 — 1 6 Iciia^©;^— b '^^^74 b^;^7^>^v;^ilo 

1 8 . _h|a^:5^»^(-JPx.-C$ bfc:, Al ^ 0. lmass%ii;T^* bfcti<^T?&SW 
^:®1 2 — 1 7lcfB^o;^— b • ^^^^ b^:^-7':/ v;:^^io 

19. _hta^^^ia^i-iJP^-C$ bl^s B:0.01inass%£AT. Ca : 0. 01]nass%isAT> 
Mg : 0.01jnass%iiAT^ REM : 0, llnass%i^AT^ Ti : 0. 1 mass%OT(^V^-m^^ 1 S 
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